is presented in three parts. First, the physical techniques of different prey capture methods are described, and a standardized nomenclature for these techniques is suggested. Second, ten predominant "foraging modes" are defined according to the comparative frequencies with which each prey capture method is used by different species. Certain species use specialized foraging modes, in that their foraging behavior is confined to a single capture method. Other more generalized foraging modes are characterized by the use of several or many capture methods with similar frequency. Third, the distribution of these foraging modes within the family as a whole is summarized in a genus by genus outline, with genera grouped according to a recent systematic revision of the family. The resulting pattern shows that each of the three subfamilies contains certain behaviorally generalized genera as well as radiations into related, but more specialized, foraging modes. With this paper I initiate a series of reports on ecological and evolutionary trends in the Tyrannidae by describing and classifying the foraging tactics that characterize the family (see also Fitzpatrick 1978). By necessity the bulk of this report is descriptive, my intent being to propose a standard by which tyrannid foraging behavior may be quantitatively described and analyzed from a variety of perspectives (see Discussion). The paper is presented in three sections, beginning with descriptions and suggested nomenclature for each of the prey capture techniques used by flycatchers. This is followed by an outline of the predominant ways that different tyrannids combine these individual techniques into discrete "foraging modes," each mode represented by a characteristic combination of prey capture techniques.
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Tyrant flycatchers (Tyrannidae)
form one of the largest and most diverse bird families in the world. The 375 species (Traylor 1977) include one tenth of South America' s entire land bird fauna (Meyer de Schauensee 1966), and their range of body forms and ecological roles is rivaled in the New World only by the Furnariidae (Feduccia 1973 ). This diversity, coupled with the ubiquity and numerical dominance of tyrannids throughout the Neotropics, makes the family ideally suited for a variety of studies regarding adaptive radiation in a continental avian group. Keast (1972) presented a brief overview of the tyrannid radiation, and several authors have analyzed evolution within selected flycatcher groups in greater depth (e.g., Lanyon 1967 , 1978 , Smith and Vuilleumier 1971 , Fitzpatrick 1976 . However, the scarcity of basic information on tyrannid biology, particularly among tropical species, has until now prohibited any comprehensive evaluation of the family' s radiation.
With this paper I initiate a series of reports on ecological and evolutionary trends in the Tyrannidae by describing and classifying the foraging tactics that characterize the family (see also Fitzpatrick 1978) . By necessity the bulk of this report is descriptive, my intent being to propose a standard by which tyrannid foraging behavior may be quantitatively described and analyzed from a variety of perspectives (see Discussion). The paper is presented in three sections, beginning with descriptions and suggested nomenclature for each of the prey capture techniques used by flycatchers. This is followed by an outline of the predominant ways that different tyrannids combine these individual techniques into discrete "foraging modes," each mode represented by a characteristic combination of prey capture techniques.
Certain foraging modes are shown to reflect behavioral specialization, while other modes are more generalized. I conclude by reviewing the occurrence of these foraging modes within each of the major phyletic groups in the Tyrannidae, based on my own field studies, published information, and the recent systematic review of the family by Traylor (1977) . I observed 167 flycatcher species in the wild. These represent all three subfamilies (Traylor 1977 ) and 71 of the 88 currently recognized tyrannid genera. I gathered quantitative data on foraging behavior for 90 tyrannid species at the above-mentioned sites. I watched flycatchers with the naked eye or through 9 x 35 power binoculars, and dictated observations into a portable tape recorder for later transcription.
STUDY SITES AND METHODS

Data discussed in this report
Foraging data were recorded only from individuals I judged to be actively foraging, primarily during morning and late afternoon peaks of activity. Sluggishness, resting, or Perch.Glean Fruits FIGURE 1. Important prey capture techniques used by tyrant flycatchers. Each capture is preceded by a stationary search period on the perch. frequent preening were assumed to indicate less than active foraging. I followed easily observable species for periods ranging from 15 min to one hour. At Cocha Cashu I followed each of four species of large-bodied tyrannine flycatchers for full days during each of five months, as part of a longer-term study of their social systems. Less conspicuous species were followed until lost from sight.
Each time a foraging bird stopped on a new perch, I attempted to record the habitat, perch height, vegetation characteristics surrounding the perch, and the search time on the perch. Search times were measured with wrist-or stop-watch, or counted by using a portable, audible timer that clicked at one-second intervals. For search periods ending in a foraging maneuver, I recorded the sally type (see Results), its distance and angle from the horizontal, and the distance moved after the sally. If the perch was abandoned I noted the distance to the new perch. In practice, not all measures could be accurately noted while following rapidly moving birds, but I tried to include representative samples of all measures for each species. I did not attempt to distinguish between successful and unsuccessful sallies, as prey items could be seen and identified only rarely.
The descriptions and data presented herein, while intended as a review of the known foraging habits of flycatchers, are primarily taken from my own notes. A few published studies describe tyrannid foraging movements with-enough detail to be usable in this analysis, and results from these accounts are incorporated where they supplement my own. Often referred to as "true flycatching" (e.g., Skutch 1960 , Slud 1964 , this encompasses all sallies in which aerial prey is pursued and captured in flight. Aerial prey is located while the bird searches from an exposed perch. Prey is snapped from the air after a rapid, direct flight off the perch. Especially after long sallies the bird may hover, glide, or float briefly at the point of capture. Escaping prey often are pursued with quick turns or a tumbling series of acrobatic maneuvers. Large prey items are carried to the perch for handling. No tyrannid is known to habitually make multiple prey captures while searching on the wing, although this does occur occasionally in certain genera (e.g., Contopus, Tyrannus). This distinguishes Aerial Hawking from true aerial foraging that characterizes swallows (Hirundinidae) and swifts (Apodidae), for which I agree with T. C. Moermond (unpubl. data) in preferring the term "screening" (Emlen 1977, p. 103).
RESULTS
METHODS
Perch-to-Ground Sallying. Terrestrial prey is located during a stationary search period on an elevated perch (exposed twigs, earth or rock mounds, utility poles or wires, rooftops). The bird flies, glides, or hops to the ground after spotting prey, which is picked up as the bird lands or, more frequently, while the bird stands on the ground. The bird occasionally lands a short distance from the prey item and hops toward it before capture. A short chase along the ground may ensue. Larger prey are handled after the bird returns to an elevated perch. centimeters over the surface orev. which is Ground Foraging. Prey is found while the bird stands, walks, hops, or runs on the ground. Prey may be picked from the vegetation during a short jump or flight (Ground Sally-gleaning) or snatched from the air (Ground Hawking), after which the bird returns to the ground. Prey also may be picked from the ground or vegetation (Standing or Running Ground Gleaning). The bird may search for prey some distance away and fly rapidly to capture it. This frequently terminates in a short, fluttering pursuit along the ground or into the air as prey attempts to escape (Flutter-pursuit).
Perch The bird searches from an exposed, usually well-lighted site, looking primarily outward or downward. The approach flight is rapid and direct, and prey is snatched from an exposed surface (upper side of a leaf, a twig, or weed top) during a short hover in which the bird may still be moving forward. Often, during the hover and capture, the bird crashes into the substrate, slowing down only slightly
Perch-gleaning.
This category includes foraging maneuvers in which stationary prey is taken from the substrate while the bird remains perched. (1) Simple Perchgleaning. Searching occurs between rapid movements through the vegetation, with perches chosen in a variety of exposed and enclosed situations. Prey is located only with visual searching, the bill rarely being used for probing. Prey is removed from the substrate with no approach flight. The bird may employ body movements during both search and capture. Usually this involves an upward or downward lean, but occasionally even results in a somersault around the perch to retrieve prey from below. Escaping prey are rarely pursued. (2) Landing-andgleaning. After spotting prey too far away for a Simple Perch-glean, the bird perches within reach of the prey and picks it off the substrate immediately after landing.
Frugivory. I place all instances of frugivory by tyrannids into a single category, although the actual feeding techniques vary considerably. Some individuals or species hover at fruit clusters, some strike the fruit and continue to a new perch, some perch and pick at fruit without sallying, and a few species eat only a portion of the fruit without removing it from the plant. Several features common to these techniques argue for their inclusion into one behavioral category. The "prey items" are immobile and conspicuous, and are available to any bird that passes close enough to find them. Individuals occasionally find fruit by being attracted to other birds at fruit concentrations. Whether a fruit is taken as food depends on the micro-habitat and dietary preferences of the bird species, and not on the species' searching behavior and sallying technique. The distances travelled between perch and prey form an approximately log-normal distribution for every species. The median may be taken as a measure of the average radius within which a species customarily searches for prey.
Sally Angle.
The angle above or below the horizontal followed during a sally toward a prey item.
Give-up
Flight.
During active foraging, the distances moved from one unsuccessful species uses each of the above prey capture perch to a new perch also are distributed techniques as that species' foraging mode. Foraging "specialists" use only one of the sallying methods for most prey captures, while "generalists" regularly employ several of them, without specializing in any one (see Appendix). Although intermediates exist between these two extremes, the Tyrannidae actually are charactertized by a relatively small set of distinct foraging modes. In this section I describe these predominant methods, drawing examples from the prey capture distributions of some species I have studied.
Besides the frequency distributions of prey capture techniques, additional measurements are useful in quantitatively describing the foraging habits of a given species. Taken This measure is expressed as the fraction of the total number of observed search periods that resulted in an attempted prey capture, as opposed to a give-up flight to a new perch. Species that give up many more times than they attempt a capture (proportions below 0.4) may be pictured as "searchers" (MacArthur 1972), while those that search at nearly every perch until they sally (proportions above 0.7) represent "sit-and-wait" predators. This measures how far an individual moves before landing on a new perch following a prey capture (Flight Distance after Sally in Fig. 2 ).
Return-to-perch
Frequency.
The percentage of sallies that are followed by a return to the former perch. (1971), most Perch-to-Ground Salliers frequently take some aerial prey, a habit that varies with local conditions. At two Brasilian sites I found Xolmis cinerea, elsewhere described as a Perch-to-Ground specialist, taking more prey from the air than from the ground (Fig. 3) (Fig. 3) , Todirostrum, Hemitriccus (including Idioptilon), and relatives (cf. genera in Appendix). Species using this foraging mode occupy nearly every foliated habitat in the Neotropics, and micro-habitat subdivisions between species are extremely sharply defined (Fitzpatrick, unpubl. data). Perches are chosen close to leaves and searching is directed upward. Sixty to 90% of the sallies are Upward Strikes, and the remainder mostly are Upward Hover-gleans. Search times are comparatively long, and sally proportions (around 0.3) place these species toward the "searcher" end of the foraging mode spectrum.
(3) Perch-gleaning. Several groups of tyrannids in the subfamily Elaeniinae (Traylor 1977) specialize in Perch-gleaning (e.g. Camptostoma, Fig. 3) , a foraging mode more characteristic of vireos (Vireonidae) and warblers (Parulidae) than of flycatchers. Perch-gleaners move rapidly with short hops or flights, searching only the area they can reach without sallying. They choose scrub, canopy, or edge habitats where foliage is dense and light is bright. Most Perch-gleaners are highly frugivorous during appropriate seasons, and they frequently associate with mixed species flocks in the forest can-OPY. Near-ground Generalists. This heterogeneous group includes a number of species whose foraging repertoires are generalized but depend upon being close to the ground. Included are many of the species in Ochthoeca (including 0. littoralis, Fig. 2) , Sayornis, Pyrocephalus, Arundinicola, Fluvicola, Pitangus lictor (Fig. 3) , Pseudotriccus, and the Serpophaga cinerea species group (Smith 1971 (Fig. 4a) , Fluvicolinae (Fig. 4b) , and Tyranninae (Fig. 4c) As shown above, prey capture techniques are combined in different ways by tyrannids to form behaviorally and ecologically distinct foraging modes (see Appendix). It is of both ecological and evolutionary interest to examine how these habits occur within the Tyrannidae as a whole. Ecologically, a foraging mode classification of the tyrannid genera can be used in analyses of neotropical bird community compositions, as I will discuss in later papers. Evolutionarily, the range of foraging styles within groups of related species, and the morphologic adaptations and constraints associated with these behaviors, can indicate the paths through which the family has radiated (Fitzpatrick 1978). To these ends, I present below, and in Fig. 4 , a summary of the foraging modes that are known to characterize each tyrannid genus. Figure 4 lumps the different foraging modes, each of which is described above and exemplified in Fig. 3 , into three categories. From left to right in the figure these correspond to foliage gleaners, aerial salliers, and ground-related foragers. Within each category, specialized foraging modes (S) are distinguished from generalized ones (G) as defined above and statistically veri-fied in the Appendix. For each genus, a black bar is placed under the foraging mode that best describes the foraging habits of that genus. Question marks indicate genera for which adequate information on foraging techniques is lacking. References to the best available descriptions of foraging styles also are given for each genus in Fig. 4 .
As with any broad categorization of a complex natural spectrum, Fig. 4 contains certain simplifications.
Most important, this summary fails to show the behavioral variations present within some of the tyrannid genera. Intra-generic variability is especially prevalent among the generalists, where two species often differ quantitatively in their dependence upon a given set of capture techniques. In certain cases these variations appear to be ecologically important among the assemblages of congeneric tyrannids in South America. These behavioral details require a fine-grained treatment that is outside the scope of this review. In Fig.  4 , this problem is dealt with in part by showing a major (black bar) and a minor (stippled bar) foraging mode for certain genera (e.g. Elaenia, Serpophaga, Phylloscartes, and Fluvicola as shown in the Appendix) in which site-to-site or speciesto-species variation is pronounced. The Appendix presents supporting data for many of the genera mentioned below.
Elaeniinae. This group contains small-to medium-sized, predominantly foliagegleaning species. Three elaeniine lineages are suggested in Traylor' s (1977) classification (Fig. 4a) Fig. 4b ). Traylor included these two genera with the other fluvicoline lineage (Onychorhynchus through Cnemotriccus in Fig. 4b) Fig. 4c ), foraging styles are remarkably restricted within each of the taxonomic groups hypothesized independently by Traylor (1977) . Figure 4 presents each specialized foraging mode next to the more generalized ones to which it is behaviorally related. Aerial Hawkers, for example, specialize on a capture technique used extensively by Enclosed Perch Hawkers.
Similarly, both Perch-to-Ground and Ground foraging are stereotyped specializations upon a few capture techniques used by Near-Ground generalists. When these generalist-specialist relationships are overlaid onto the systematic list of Traylor (1977) (Fig. 4) the distinctive behavioral characteristics of each phylogenetic line clearly emerge. As summarized above, each major lineage contains assemblages of behavioral generalists and radiations into related but more specialized modes. This pattern strongly suggests that certain lines of ecological radiation are preserved among present-day tyrannid forms. This suggestion is supported by the patterns of morphological adaptations within each group (Fitzpatrick 1978) .
This brief catalog of tyrannid foraging behavior will be amended and refined as new information accumulates. However, it is already an adequate foundation for a variety of analyses of the tyrannid radiation. Topics that depend on this descriptive framework include (1) the analysis of morphological adaptations in relation to different foraging styles; (2) phylogenetic patterns of radiation in structure and behavior, and the use of foraging characteristics as a tool in solving certsin taxonomic problems; (3) relationships between foraging mode and microhabitat characteristics, and the effects of these patterns on flycatcher community compositions; (4) the effects of foraging mode on home range and territorial habits; (5) quantitative differences in the optimal searching behavior associated with different foraging modes. These topics will be explored in subsequent papers. gentina, Paraguay, Uruguay, and Chile. Bull. U.S.
